The use of fire in tropics for land management and for forest clearing contributes to forest degradation and to carbon emissions in the atmosphere. Yet, a comprehensive understanding of the spatial and temporal dynamics of forest fires is needed to mitigate such impacts. The primary aim of this study is to map burned forest in Brazilian Amazon by means of an object-based classification applied on Landsat imagery. Our secondary aim is to understand the spatial and temporal dynamics of forest fires. For this, we compare the forest cover maps with the map of burned forest generated during the dry season. In our study we consider three consecutive bi-annual periods (2013-2014, 2014-2015, 2015-2016) over four sites, in Mato Grosso State. From Landsat-8 imagery acquired during May or June of each year we derived NDVI and fraction images (soil, vegetation and shade) in order to map the following land cover classes: intact forest, burned forest, forest regrowth and non-forest. In addition, we map the burned areas during the fire season for each year. Intact forest, initially covering 55% of the area has lost 3.4% of its area over the course of three years. The annual burning increased from 2.6% to 5.9%, from 2013 to 2015. Within the annually burned areas, non-forest areas showed a lower percentage of burning, compared to forest areas, varying from 3.8% to 7.9%, while amongst the forest classes, burned forest showed the highest percentage. Re-burning on a biannual period is more than double of re-burning on a thrice-year.
INTRODUCTION
Although a decrease in deforestation in the Brazilian Amazon has been observed in the last ten years (INPE, 2015) , studies on the Amazon Forest have pointed out a constant high intensity of forest fires in the states of Pará, Rondônia and Mato Grosso (Miettinen et al. 2015; Morton et al., 2013; Sousa et al., 2013; Lima et al., 2012) which contribute to forest degradation. Degraded and intensely burned areas result in a decrease to the tree crown cover and consequently in an increased exposure of the soil, as well as in a loss of biodiversity (Cochrane and Schulze 1993; Silva Monteiro et al, 2004) . Selective logging and forest fire are the main drivers of forest degradation in the Brazilian Amazon (Souza et al., 2013; Matricardi et al., 2010) . Forest fires have been associated with land-use change processes, in which fire escapes from pasture management (Fanin and van der Werf, 2015; Cano-Crespo et al., 2014 , Lima et al., 2012 , with changes in the weather conditions due to severe droughts (Aragão et al., 2008) . Forest fires have however been identified as non-correlated to unmanaged land (Morton et al., 2013) . The relationship between burning and land cover is not yet fully understood. The distinct spectral characteristics of burned scars allow the mapping of burned forest areas through the use of satellite imagery, hence, the primary aim of this study is to map burned forest for three consecutive years in the State of Mato Grosso, Brazilian Amazon (2013 -2014 -2015 by means of an object-based classification applied to recent Landsat imagery. Our secondary aim is to understand the spatial and temporal dynamics of the fire related to land cover.
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MATHERIAL AND METHODS
Data sets and classification
The study was carried out for an area of 40,616 km 2 , located in an active deforestation frontier in south-eastern Mato Grosso State in the Brazilian Amazon (Figure 1 ). The area is composed of subsets of four neighbouring Landsat scenes, image reference (path-row) and respective areas of the sub-scenes are as follows: 1 -225/69 (3,450 km 2 ), 2 -226/68 (12,368 km 2 ), 3 -226/69 (12,031 km 2 ), 4 -227/68 (12,776.4 km 2 ). We consider three consecutive bi-annual periods (2013-2014, 2014-2015, 2015-2016) in the land cover change for the study. A total of 64 scenes of Landsat-8 imagery, downloaded from the USGS archive, were processed. The visible (1, 2, and, 3), near infrared (4) and short-wave infrared (5 and 7) bands of each Landsat scene were used. Image processing was carried out using IMPACT software (Simonetti et al., 2016) , which performed the image layer-stacking, clipping and, generated the NDVI (Normalized Difference Vegetation Index) and the soil, vegetation and shade fraction images, based on the linear spectral mixture model (Shimabukuro and Smith, 1991) . From images acquired on May or June of each year (beginning of the burning season), forest cover maps were produced with the following land cover classes: intact forest, burned forest, forest regrowth and non-forest. Burned areas were mapped during the early, middle and end of the dry season (i.e. July to November) of each year and the maps summed up to calculate the cumulative annual burning. The segmentation was based on single date images with the same parameters applied for all dates. eCognition Developer 9.0 software (Benz et al., 2004) was used for segmenting and classifying the images. The classification of burned areas, as well as the land cover classification were threshold-based, using customized thresholds for each class and date. For classifying burned areas, the NDVI and the shade fraction images were used, while for the land cover classification, all fraction images (soil vegetation, shade) were used together with NDVI. Subsequently to the classification step, manual editing of the result was applied to ensure a high mapping accuracy. The cumulative annual burning and the frequency of re-burning for bi-annual and thrice-year periods were calculated after overlaying the cumulative annual burning maps. Annual burned area maps were cross tabulated with respective maps of land cover of each year to relate burned areas to land cover. Changes in land cover over a three-year period were analysed by cross tabulating land cover information of 2013 and 2016. We analysed land cover changes of the entire study area and burned areas for the first year.
RESULTS AND DISCUSSION
The land cover maps generated for the years 2013, 2014, 2015 and 2016 show the majority of the area being covered by intact forest (Table 1 ). The forest area decreased from 54.9% in 2013 to 51.5% on 2016. This 3.4% of tree-cover loss (758 km 2 ) has contributed to a 6.3% increase of non-forest areas, in addition to 2.6% of areas from regrowth and 0.3% from burned forest. The annual burned areas increased from 2.6% on 2013 to 5.9% on 2015. The increase was higher from the first to second year (2.2%) compared to the second to the third year (1.1%). The total area burned (3,940 km 2 ) represent 9.7% of the entire of this study. Miettinen et al. (2015) used a sampling approach to estimate the burning forest for the entire Amazon Biome within the Mato Grosso State for three dates in a five-year interval (2000-2005-2010) . Similarly to what was found in the present study, these authors report a lower increase of burning for the second period (8.5%) 2005 to 2010, compared to the first period (44.4%) (2000) (2001) (2002) (2003) (2004) (2005) . The present study mapped a total 1,087 km 2 of intact forest disturbed by burning, in the course of three years (Table 2) . This disturbed area, representing 4.9% of the total forest, which was much higher compared to what was found in the study of Matricardi et al. (2010) , that conducted a detailed analysis of the relationship between selective logging and forest fire in an area on the Mato Grosso State during the period of 1992 to 2004. The findings of Matricardi et al. (2010) showed that fire alone was responsible for 2.9% of the forest disturbance, while combined effect of logging and forest fire resulted in a contribution of 5.5% to forest disturbance. The three years re-burning areas account for a total area of 5,381 km 2 of land under fire at least once during the three years of analysis ( Table 2 ). The analysis of burned areas by land cover class shows a predominance of fire in areas previously burned, burned forest and regrowth areas, with 39.8% and 23.4% of burned areas, respectively, in 2015. Non-forest areas showed relatively lower percentages of burning compared to intact forest. The frequency of re-burning over the three-year period accounts for 2.6% of the total area (1,040 km 2 ). The percentage of reburning on biannual periods (2013-2014, 2013-2015 and 2014-2015) varied from 7.3% to 10.7% (Table 3) . Over the three-year period, a total of 5,381 km 2 were burned. From this cumulative burned area re-burned re-burning occurred at least once in the biannual periods. Twice re-burning accounts for 80.7% of the accumulated burned area, while a thrice re-burning was detected in 19.3% of the burned area.
The analysis of non-forest areas show that approximately 50% have been re-burned in a biannual or three-year period. This high percentage of re-burning on non-forest areas, compared with reburning in forest areas, can be related to fire been used for managing pastures. Regrowth areas show re-burning as varying from 15% to 19% while forest areas vary from 7% to 27% over the years examined. The percentage of burning recurrence on burned forest areas is 5% to 7%, and thus lower if compared to regrowth and burned forest areas, reflecting the land cover class in which burning is less needed for clearing areas previously under fire (Table 3) . Table 3 . Frequency of re-burning for biannual period and for the 3-years period (2013, 2014 and, 2015) based on 2013 land cover map.
Although an annual increase of burned areas is observed, with 2015 burned areas (2,397 km 2 ) being is more than double of the areas in 2013 (1,040 km 2 ), a high variability is observed regarding the spatial distribution of re-burning in forest areas, as shown on the re-burning frequency (Table 3 ) with 16.9% for a three-year period and an average of 25% for a twice re-burning. The maps of annual burning and burning frequency (Figure 2) shows no spatial tendency on areas that have been re-burned twice or thrice. The land cover change over the three-year period ( Further steps towards understanding the spatial dynamic of burning forest will consider the use of Sentinel-2 imagery to increase the temporal and spatial accuracy of mapping, as well as classify the burned forest in level of severity to estimation carbon emission.
